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Abstract ; [ Objective ] To investigate the function of multiple genes in lung cancer and establish
proliferation regulatory network of lung cancer cells. [Methods] Based on previous analysis of
MMP-7"s cross linking,Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes(KEGG)
were used to conduct functional analysis for genes cross linked to MMP-7,including ZBTB33,
NGF,COL18A1,MMP-1,TIMP1,CTNNB1,JUP,CD44,SDC1 ,HBEGF,and to establish prolifera-
tion regulatory network. [Results] After synthesizing results of GO and KEGG analysis, prolifera-
tion regulatory network of lung cancer cells was preliminarily established and the roles that genes
played in the network were analyzed. [Conclusion] The proliferation regulatory network of lung
cancer cells including the above genes was successfully established , providing theoretical founda-
tion for further study in pathogenesis of lung cancer and its treatment.
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Table 1 GO analysis of ZBTB33 gene

11 AR

Name Ontology GO Number

MMP-7 22§k % H ZBTB33, Transcription, DNA-templated Biological _process  GO:0006351

NGF ,COL18A1 ,MMP1 , TIMP1 ., Wnt signaling pathway Biological_process  G0:0016055

CTNNB1 . JUP . CD44 _SDCI . Intracellular signal transduction Biological_process ~ G0:0035556

HBEGF . Negative regulation of transcription, DNA-templated ~ Biological _process ~ G0:0045892

Nucleus Cellular_component  G0:0005634

1.2 GO & #fr Nucleolus Cellular_component  G0O:0005730

A AmiGO )& 1L (http://  Cytoplasm Cellular_component  G0:0005737

geneontology.org) , [N ZBTB33, Plasma membrane Cellular_component  G0O:0005886

NGF.COLISA1 MMP1 . TIMPI . Protein binding Molecular_function GO:0005515

Methyl-CpG binding Molecular_function ~ G0:0008327

CTNNBL, JUP,  CD44.SDCI, Sequence-specific DNA binding Molecular_function  GO:0043565

=1 SH 4
HBEGF’ﬁ\ﬁUX\T/E\:ﬂ:/ﬁ GO 5hpi . Table 2 GO analysis of NGF gene
1.3 KEGG & #f

. . . Name Ontology GO Number

] Jﬂ:/\ KEGG {518 it B e Activation of MAPKK activity Biological_process  G0:0000186

i (http :/lwww kegg jp/kegg/path- Activation of cysteine-type endopeptidase activity Biological_process ~ G0:0006919

way.html), i ¥E 2 organism & Microtubule-based movement Biological_process  G0:0007018

“hsa” key words 4 ZBTB33 NGF. Transmembrane receptor protein tyrosine kinase sign Biological _process — G0:0007169

COLISA1 MMPI TIMP1 CTNNBI . Cell-cell signaling Biological _process ~ G0:0007267

Extrinsic apoptotic signaling pathway via death dom Biological _process  G0:0008625

JUP.CD44.5DC1 HBEGF, Positive regulation of gene expression Biological _process  G0:0010628

Regulation of neuron differentiation Biological_process  G0:0045664

2 g:lél: % Extracellular region Cellular_component  G0:0005576

Nerve growth factor receptor binding Molecular_function  GO:0005163

Protein binding Molecular_function G0O:0005515

21 EHAE/ GO ofr Growth factor activity Molecular_function  G0O:0008083

GO M B 43 24K 48 & 3t Metalloendopeptidase inhibitor activity Molecular_function ~ G0O:0008191
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Table 3 GO analysis of COL18A1 gene
Name Ontology GO Number
Angiogenesis Biological_process ~ G0:0001525
Endothelial cell morphogenesis Biological_process  G0:0001886
Cell adhesion Biological_process ~ G0O:0007155
Visual perception Biological_process ~ G0:0007601
Positive regulation of cell proliferation Biological_process ~ G0:0008284
Negative regulation of cell proliferation Biological _process  G0:0008285
Animal organ morphogenesis Biological_process  G0:0009887
Extracellular matrix organization Biological _process  G0:0030198
Positive regulation of cell migration Biological_process  G0:0030335
Collagen catabolic process Biological_process  G0:0030574
Response to drug Biological _process  G0:0042493
Response to hydrostatic pressure Biological_process  G0:0051599
Positive regulation of endothelial cell apoptotic p Biological _process  G0:2000353
Extracellular region Cellular_component  G0:0005576
Collagen trimer Cellular_component  G0:0005581
Basement membrane Cellular_component  G0O:0005604
Extracellular space Cellular_component  G0:0005615
Endoplasmic reticulum lumen Cellular_component  G0:0005788
Extracellular matrix Cellular_component G0:0031012
Extracellular exosome Cellular_component  G0:0070062
Structural molecule activity Molecular_function  G0O:0005198
Protein binding Molecular_function  GO:0005515
Identical protein binding Molecular_function ~ G0:0042802
Metal ion binding Molecular_function  G0:0046872
Table 4 GO analysis of MMP-1 gene
Name Ontology GO Number
Proteolysis Biological _process  G0:0006508
Viral process Biological_process  G0:0016032
Extracellular matrix disassembly Biological_process  G0:0022617
Collagen catabolic process Biological_process ~ G0:0030574
Positive regulation of protein oligomerization Biological _process  G0:0032461
Cellular protein metabolic process Biological_process  G0:0044267
Leukocyte migration Biological_process  G0:0050900
Extracellular region Cellular_component  G0:0005576
Proteinaceous extracellular matrix Cellular_component  G0:0005578
Endopeptidase activity Molecular_function ~ GO:0004175
Metalloendopeptidase activity Molecular_function ~ G0:0004222
Serine-type endopeptidase activity Molecular_function  G0:0004252
Calcium ion binding Molecular_function  G0O:0005509
Zinc ion binding Molecular_function  G0:0008270
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Table 5 GO analysis of TIMP1 gene

Name Ontology GO Number
Platelet degranulation Biological_process ~ G0:0002576
Aging Biological _process ~ GO:0007568
Positive regulation of cell proliferation Biological_process  G0:0008284
Response to hormone Biological_process  G0:0009725
Negative regulation of endopeptidase activity Biological _process ~ G0:0010951
Extracellular matrix disassembly Biological _process  G0:0022617
Response to cytokine Biological _process ~ G0:0034097
Wound healing Biological _process  G0:0042060
Negative regulation of apoptotic process Biological _process ~ G0:0043066
Negative regulation of catalytic activity Biological _process ~ G0:0043086
Response to peptide hormone Biological _process  G0:0043434
Negative regulation of membrane protein ectodomain Biological _process  G0:0051045
Cartilage development Biological _process  G0:0051216
Negative regulation of trophoblast cell migration Biological _process  GO:1901164
Regulation of integrin-mediated signaling pathway Biological _process  G0:2001044
Extracellular region Cellular_component  G0O:0005576
Proteinaceous extracellular matrix Cellular_component  G0O:0005578
Basement membrane Cellular_component  G0O:0005604
Extracellular space Cellular_component  G0:0005615
Platelet alpha granule lumen Cellular_component G0:0031093
Extracellular exosome Cellular_component  G0:0070062
Protease binding Molecular_function G0:0002020
Cytokine activity Molecular_function  G0:0005125
Protein binding Molecular_function G0O:0005515
Growth factor activity Molecular_function GO:0008083
Metalloendopeptidase inhibitor activity Molecular_function  GO:0008191
Metal ion binding Molecular_function G0:0046872
Table 6 GO analysis of CTNNBI gene
Name Ontology GO Number
Cell fate specification Biological _process ~ G0:0001708
Positive regulation of neuroblast proliferation Biological _process  G0:0002052
Positive regulation of mesenchymal cell proliferation Biological _process  G0:0002053
Negative regulation of cell proliferation Biological process ~ G0:0008285
Wnt signaling pathway Biological_process ~ G0:0016055
Positive regulation of apoptotic process Biological_process  G0:0043065
Positive regulation of I-kappaB kinase/NF-kappaB signaling  Biological_process — G0:0043123
Regulation of angiogenesis Biological _process  G0:0045765
Nucleus Cellular_component  G0:0005634
Transcription factor complex Cellular_component  G0O:0005667
Cytoplasm Cellular_component  G0:0005737
Plasma membrane Cellular_component  G0O:0005886
Wnt signalosome Cellular_component  G0:1990909
Signal transducer activity Molecular_function  G0:0004871
Protein binding Molecular_function G0:0005515
Transcription factor binding Molecular_function ~ G0O:0008134
Transcription regulatory region DNA binding Molecular_function  G0:0044212
Ion channel binding Molecular_function G0:0044325
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Table 7 GO analysis of JUP gene

Name Ontology GO Number
Signal transduction Biological process G0:0007165
Cell migration Biological process G0:0016477
Regulation of cell proliferation Biological_process G0:0042127
Positive regulation of protein import into nucleus Biological process G0:0042307
Positive regulation of sequence-specific DNA binding transcription factor activity Biological process G0:0051091
Endothelial cell-cell adhesion Biological process G0:0071603
Positive regulation of canonical Wnt signaling pathway Biological process G0:0090263
Nucleus Cellular_component G0:0005634
Cytoplasm Cellular_component G0:0005737
Cytoskeleton Cellular_component G0:0005856
Plasma membrane Cellular_component G0:0005886
Catenin complex Cellular_component G0:0016342
Extracellular matrix Cellular_component G0:0031012
Protein-DNA complex Cellular_component G0:0032993
Extracellular exosome Cellular_component G0:0070062
Transeription coactivator activity Molecular_function G0:0003713
Structural molecule activity Molecular_function G0:0005198
Protein binding Molecular_function G0:0005515
Alpha-catenin binding Molecular_function G0:0045294
Cell adhesion molecule binding Molecular_function G0:0050839
Cadherin binding involved in cell-cell adhesion Molecular_function G0:0098641
Table 8 GO analysis of CD44 gene
Name Ontology GO Number
Cell-matrix adhesion Biological process G0:0007160
Single organismal cell-cell adhesion Biological process G0:0016337
Extracellular matrix disassembly Biological process G0:0022617
Hyaluronan catabolic process Biological process G0:0030214
Positive regulation of kinase activity Biological process G0:0033674
Negative regulation of apoptotic process Biological process G0:0043066
Negative regulation of cysteine-type endopeptidase activity involved in apoptotic process Biological process G0:0043154
Negative regulation of DNA damage response, signal transduction by p53 class mediator Biological process G0:0043518
Leukocyte migration Biological_process G0:0050900
Cartilage development Biological process G0:0051216
Positive regulation of ERK1 and ERK2 cascade Biological_process G0:0070374
Cytoplasm Cellular_component G0:0005737
Plasma membrane Cellular_component G0:0005886
Integral component of plasma membrane Cellular_component G0:0005887
Cell surface Cellular_component G0:0009986
Macrophage migration inhibitory factor receptor complex Cellular_component G0:0035692
Extracellular exosome Cellular_component G0:0070062
Cytokine receptor activity Molecular_function G0:0004896
Hyaluronic acid binding Molecular_function G0:0005540
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Table 9 GO analysis of SDCI gene

o R R 2 A

Name Ontology GO Number
Inflammatory response Biological_process  G0:0006954
Response to toxic substance Biological _process ~ G0:0009636
Cell migration Biological _process ~ G0:0016477
Wound healing Biological _process  G0:0042060
Response to cAMP Biological _process ~ G0:0051591
Canonical Wnt signaling pathway Biological _process  G0:0060070
Cytoplasm Cellular_component  G0O:0005737
Golgi lumen Cellular_component  G0:0005796
Plasma membrane Cellular_component  G0O:0005886
Focal adhesion Cellular_component  G0:0005925
External side of plasma membrane Cellular_component  G0:0009897
Cell surface Cellular_component  G0:0009986
Lysosomal lumen Cellular_component  G0:0043202
Glycoprotein binding Molecular_function ~ G0:0001948
Protein binding Molecular_function G0O:0005515
Protein C-terminus binding Molecular_function ~ G0:0008022
Table 10 GO analysis of HBEGF gene
Name Ontology GO Number
MAPK cascade Biological _process  G0:0000165
Epidermal growth factor receptor signaling pathway Biological process  G0:0007173
Positive regulation of cell proliferation Biological_process  G0:0008284
Regulation of phosphatidylinositol 3-kinase signaling  Biological process  G0:0014066
Positive regulation of cell growth Biological _process ~ G0:0030307
Positive regulation of cell migration Biological _process  G0:0030335
ERBB?2 signaling pathway Biological _process  G0:0038128
Phosphatidylinositol-mediated signaling Biological process  G0:0048015
Positive regulation of smooth muscle cell proliferation  Biological_process  G0:0048661
Negative regulation of elastin biosynthetic process Biological process  G0:0051545
Positive regulation of protein kinase B signaling Biological _process ~ G0:0051897
Positive regulation of wound healing Biological _process  G0:0090303
Extracellular region Cellular_component  G0:0005576
Plasma membrane Cellular_component  G0:0005886
Integral component of plasma membrane Cellular_component  GO:0005887
Cell surface Cellular_component  G0:0009986
Protein tyrosine kinase activity Molecular_function ~ G0:0004713
Epidermal growth factor receptor binding Molecular_function ~ GO:0005154
Growth factor activity Molecular_function G0O:0008083
Heparin binding Molecular_function ~ G0O:0008201
Phosphatidylinositol-4,5-bisphosphate 3-kinase activity Molecular_function ~ G0:0046934
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factor-like growth factor, HBEGF) j& & iz 4= & K ¥ 5
W 5 Z— ,HBEGF 7 5 EGF Z AR5 5T 0, i 3l
20 )45 5 A% 2, mT 2 R 40 B A 2E ORI B, I S5 AR
J8 95 2 Bz 5% WA B A 2% 20,1 Pro HBEGF A B 1% %
PS8 240 L ) R T, O Al 40 e R R L [T T 5
Jigea i) Bk R B X ROTR A5 PURIESE 2 B, HBEGF
% A By 77 4 W] fiE 5 MAPK-ERK1/2 il JAK2/STAT3
PS5 5l AT G, T [ 5% A5 R FH Ao e L 8L Ak~
FEA A4 28 1 J5 1k 2 B, 16 B 1 34 R R i f v
HBEGF 1) 3 ik & 2 ¥ 7+ & ,HBEGF 19 7= 4= # T
AR A e 240 e () 34 5, 3 AR 1 IR B R AR R T

2 204 JE A B0 ) 7 (tissue inhibitor of met-
alloproteinanse , TIMPs) J& MMPs 5 ji% 4 4101 i 51
TIMPs 1 MMPs 3 [6] 8 4% ECM () 58 37 DL 4 357 20 fif
MR E . TIMPL H 05 200 6 F 245 45 20 20 200 it 7= A= 1)
— P ) AR T A URARTE R, T A
MMP-1 76N 09 Ir A IS il . — RIS 0T 78 B P2
Z1rh MMPs F1 TIMPs 3% ik 1178 4b TF iR 45, 24
MMPs ()% 35 & T TIMPs B, -7 il 2] 8538 | e & 5
B R LR 2 SR T DR B,
MMP-1 F1 TIMP1 25 [ Y 3% 3k 5 il 98 09 A A2 e A=
YAt AR MR AT G JF H MMP-1 A TIMP1
AR EE ALY AFRICY . CTNNBI JEH i hd B-
catenin £ H , B-catenin & HEANMEAZ | 40 i F4i

618

J Rz b A 2k  FEAN LB B-catenin 2 T /E N
Wnt {F 5l EEES, S5 TR
FIR VAR, AT B B A MR B B A B 4T B
S R R R ARZBMEERS W9 P B-catenin £
P 7E 240 A R 240 T e 1) 6 3k 55 A /0 248 I 98 7 i
FEOMAAT G, Al AR DR/ i s S5 TS HR AR 2
— ,1f H. B-catenin & F7E 20 A AZ 01 410 M ot o 3 55 1
B S AP B E T ARRIB A EE,

JUP 3 X 4 15 cGMP 4K i (49 25 F 3 8E (cGMP
dependent kinase ,PKG), %%k H g 0% V8 45 Mg 41 it
WAZ O AR LAY RER 78 e 200 Jf 0 184 5 B 0 T il 7
HEEEREZEMEMN ® PKC HAS Y ras RIKE
SIS o8 S R A N1 0 = i S RO 7 v (A
HZ MM e & R EE VIR G, CD44 71
J& TG B o3 T R, TIZAFAE T 2 Fh 41 il 20 21
KA p T, (e MR T E Rk, JF S e Ry R
K 1RZ8 RS m YT OC , 2 2 Fh MO T 40 i i AR
BY . PHIERW], CDA4 3% 3k £ [ I AT LA BH s £ 200 i
S, DATI 490 T 240 L 0 34 5 CDA4 2R3k £ B IR TT LA
P53 B-catenin [ B IR 1k 7K 1 33 o i 410 1) 40 g 1 4%
FEBY, Z RS FH R BE 1 (syndecan 1,SDC1) /2 85 i
HHRMRGEN A Z—, 2 5 MRS KM T
% RIS A A S R O 2 iR TS R AR 2
— 32 485 P8 F qRT-PCR 1 Western Blotting
Ik, RIUUER SDCT F A () 33k ] LU il e Jo 98
A172 20 A 36 5 A% AR 2€ ,SDC1 AT RAAE A JiE Jot
SRR T BT A T AR BYEE T BRI BN
FLIR A g & B SDCT ] BE 5 10V 9 1=
7% R I E AR

i LRTik, 5 MMP-7 A5 CHEAE Y ZBTB33

NGF.COL18A1 MMP-1.TIMP1 ,CTNNBI1 .JUP,
CD44 .SDC1 HBEGF ¥ 5 fili % 4 i 3 56 A7 %% 11 K
R AR ST ) A0 ST SR 2 A G R A P 2
Sy it g P A T 3R T R — o LR IR, BEE DLS
TR, 283k %k it 67 0] 455 9 28 AN 0By 2R 47 b
Fo ot A 5L B R B HEARIR YT .
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